Background: There is a lack of scientific evidence that home gardens contribute to women empowerment, which eventually leads to greater gender equality, although it is generally assumed that they do. Using data from poor rural households in Bangladesh, this paper analyzes if and how women's training in home gardening and nutrition empowers women. The study used a mixed methods approach, combining statistical analysis of quantitative data for 456 women with content analysis of qualitative data from in-depth interviews.
Background
Socially constructed gender roles of men and women strongly influence household food consumption. This is particularly so in rural Bangladesh: men eat first, children second, and women eat last; women prepare all food, but it is men who do all the shopping for food; and women are traditionally confined to household chores while men work outside in their fields or as laborers. It is within such context that home gardens are seen as an intervention that could contribute to better nutrition as well as women empowerment (e.g. [16] ).
Home gardening is the use of an area around the residence where various herbs, fruits, and vegetables can be grown year-round for household consumption together with some livestock [6, 13, 21] . The literature on home gardening is extensive, particularly for Bangladesh. Current evidence for the effect of home garden interventions on women empowerment and gender equality in Bangladesh comes from three studies that are briefly described in the following.
First, Bushamuka et al. ([3] and also reported in Iannotti et al. [10] ) studied the long-running home garden program of Hellen Keller International in Bangladesh. They compared active and former participants of the home garden program with a control group using quantitative survey data collected in 2002. In terms of gender, they focused on women's perception of their participation in household decision-making. Active and former participants felt that they had gained influence in decisions about the participation in meetings, the use of household
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Agriculture & Food Security *Correspondence: pepijn.schreinemachers@worldveg.org 1 AVRDC -The World Vegetable Center, P.O. Box 42, Shanhua, Tainan 74199, Taiwan Full list of author information is available at the end of the article land, small household purchases and their mobility outside the home. The authors explained this positive impact from the fact that women made an increased economic contribution to the household, which was recognized by the other household members and led to more respect, enhanced social status, and decision-making power.
Hallman et al. [8] studied the distribution of improved vegetable varieties (originating from AVRDC -The World Vegetable Center) to women by the local nongovernmental organization Gono Kallayan Trust in Saturia district near Dhaka. They combined quantitative with qualitative data. Their quantitative data showed that women in households who had received the intervention had slightly greater social mobility as they visited friends and went to the market more often (p < 0.10). From their qualitative data, they observed that homestead vegetable production fitted with women's livelihood strategies as it required very little land and cash, women could flexibly allocate time to the garden and did not need to move beyond the homestead.
Kumar and Quisumbing [14] combined the data used in Hallman et al. [8] with a follow-up survey in 2006-2007 and applied propensity score matching to correct for selection bias. The objective of their study was to find out the differential impact of targeting women's groups rather than individual women on the intra-household gender asset gap. They showed that technology dissemination through women's groups was more effective in closing the gender asset gap. They also provided qualitative evidence that sharing of home-produced vegetables helped to establish a feeling of solidarity among women.
Several other studies have touched on home gardens and gender, though have not conducted an impact evaluation. First, Akhter et al. [1] studied home gardens in Sylhet district in northeast Bangladesh and showed that women are clearly in control of the garden management. They explained that women have an interest in home gardening because they see the benefits in terms of food security and better health for their family and natural resource conservation. Second, Hillenbrand [9] described the approach of Hellen Keller International in transforming gender through its homestead food production program in Bangladesh. Based on qualitative observation, she writes that part of the program's popularity and success may be explained by the fact that it does not contest existing gender norms or patriarchal power structures. She also describes that the program has adopted a more gender transformative approach when it was realized that women empowerment is a foundation for improving nutrition and food security.
The above-mentioned studies touch on the effect of home garden interventions on women empowerment, but are not comprehensive and focused assessments of the questions if and how home garden interventions contribute to women empowerment. The objective of this study is therefore to analyze if and how women's training in home gardening and nutrition empowers poor rural women in rural Bangladesh. Similar to the previous studies, we applied a mixed methods approach drawing on quantitative and qualitative data.
The paper starts by describing the conceptual framework that we used for the study, the intervention that we analyzed and the data we collected. The results and discussion sections describe home gardening's economic, personal, and social contribution to women empowerment in rural Bangladesh. The paper ends with a conclusion.
Methods

Conceptual frame
Women empowerment is a broad concept that includes elements of choice, participation and influence and control over resources and benefit flows. The Women's Empowerment in Agriculture Index (WEAI) captures these dimensions and relates them to the context of agriculture [2] . We therefore used it as the conceptual frame for our study.
The WEAI builds on definitions of empowerment by Kabeer [11, 12] and Narayan [18] . Kabeer defined it as the process of increasing people's ability to make choices, especially for those who have been denied this ability. Narayan has a less-individualistic definition and gives more prominence to social relationships and institutions in defining empowerment as the ability to improve and expand matters involving resources and interpersonal relationships and the ability to participate, negotiate, influence, and hold accountable institutions that affect life.
Building on the above definitions and relating them to agriculture, Alkire et al. [2] conceptualized women empowerment as improvements across five domains: (1) Production decisions: women's sole or joint decisionmaking about food and autonomy in agricultural production, with no judgment on whether women's sole or men and women's joint decision-making contributes to women empowerment. (2) Control over resources: ownership of, access to, and decision-making power on productive resources such as land, water and credit. Although the WEAI was developed for the purpose of quantifying women empowerment and comparing it across locations, we only use it here to structure our analysis according to the five domains of empowerment.
Mixed methods approach
This study used a mixed methods approach combining qualitative and quantitative methods, allowing data triangulation to add robustness to the analysis [7] . Quantitative data were collected from women using a structured questionnaire survey. The survey was part of a larger effort to evaluate the impact of home gardens on the production and consumption of vegetables and was therefore not only used for this paper. The survey recorded which person in the household made the decisions about various gardening and general household activities and the relative time spent on each activity. Data were also collected about general household characteristics and recent changes in garden management.
To assess the effect of the training program, we compared the responses of trained women with those of a control group of non-trained women. Both groups were eligible for training, but the control group was yet to receive the intervention. Selection bias is an issue in any impact evaluation study that uses observational rather than experimental data. We checked the existence of selection bias by comparing the observed household characteristics between intervention and control households.
Randomly selected quantitative data have the advantage of being representative of a larger population of households, but the structured format necessary for a questionnaire survey makes it less suitable to fully capture people's opinions about gender norms. Qualitative methods, specifically focus group discussions and in-depth individual interviews, were therefore used to gather more in-depth information about these aspects and about the internal and external factors that influence women's attitudes toward gardening and related activities.
Descriptive statistics were used to analyze the quantitative data. A non-paired mean comparison test (t test) and Chi-square test were used to test for significant differences in sample means for trained and non-trained households. The grounded theory approach was used to analyze the qualitative data [4] . We formed categories developed from the field and during the transcript analysis. The effectiveness of the grounded theory approach lies in the systematic and sequential data analysis that allows the research process to comprehend the study's critical aspects immediately after observation (ibid.).
Starting the analysis from the beginning of the study and evaluating the preliminary conclusions will help prevent overlooking important key points [5, 15] . To identify the similarities and differences of the responses, the study used open coding [4] to interpret the phenomena and gain insights that are different from what is normally produced from conventional methods of analysis. Data were grouped according to emerging themes and given a conceptual label to form categories and subcategories. All responses were accounted for during the analysis, reaching theoretical saturation [17] .
Intervention studied
The prevalence of malnutrition in rural Bangladesh is among the highest in the world [22] . Although the prevalence of hunger has much decreased in recent decades, micronutrient undernutrition remains a key problem. Home gardening has received renewed interest in recent years because it has the potential to increase micronutrient intake by increasing the quantity and quality of nutrient-rich foods produced and consumed. Because women do not usually go to the market to buy food, home gardening would allow them to have more control over the household's food supply. Hence, nutrition education and counseling combined with the promotion of home gardens is thought to be particularly effective [6] .
Since the early 1990s, AVRDC -The World Vegetable Center has been implementing home vegetable gardens in Bangladesh. From 2011, AVRDC worked with the Bangladesh-based international nonprofit organization BRAC (formerly known as the Bangladesh Rural Advancement Committee). From 2012 to 2014, over 8000 women participated in the training.
Women eligible for the training had to meet certain criteria (see also [19] ). First, the intervention targeted smallholder farm households by requiring that households should have some land but not exceeding one acre (0.4 ha). Second, households with at least one child below 5 years were given priority. Third, participants should have some experience in cultivating vegetables, but have not received any similar kind of intervention. Last, women should be interested to participate in the project.
The intervention introduced eight improved locally available and nutrient-rich varieties of vegetables suitable for home garden cultivation, but households were free to grow any other vegetables or fruits as well. Women were given a 1-day intensive training that centered on nutrition and garden establishment at local BRAC training centers in early 2012 and 2013. Through the nutrition training, women learned the role of nutrition in preventing diseases, functions of various nutrients in the human body, nutritional value of commonly consumed vegetables, and the nutrient availability and disease-combating features of different colors of vegetables. Women also learned cooking methods to better preserve the nutritional content of vegetables.
In the technical part of the training, trainers taught site selection, site and land preparation, garden layout and design, seedbed preparation, seasonal vegetable selection, sowing practices, fertilization, irrigation and drainage, weeding, and insect and disease management without pesticides. Home gardens are common in Bangladesh, but the promoted designs were most strikingly different in the use of raised planting beds, proper planning, fences with synthetic nets to keep out farm animals, and quality seeds.
Seven to 14 days after the training, a BRAC training officer would come to visit the households and helped in setting up the garden. Women were given seed packs only if their gardens were near completion. BRAC officers aimed to visit and cover all trainees during the monitoring period (on a weekly basis for the first 6 months after the training). The visiting frequency was reduced to a monthly basis during the second 6 months.
Data collection
All data were collected from the rural areas of Jessore and Barisal districts of Bangladesh in a 6-week period from mid-April to the end of May 2014. For the quantitative survey, the sample was stratified by subdistricts (called 'upazillas' in Bangladesh), unions (the smallest rural administrative unit usually consisting of nine villages), and villages. We purposively selected subdistricts and unions but randomly selected one village from each union and 10-15 households from each village. The sample included 456 observations, including 171 trained and 285 non-trained households from a total of 14 villages.
For the qualitative survey, we conducted a total of 12 focus group sessions in 6 villages (3 per district). Villages were selected according to their proximity (near, medium, far) from the district center as this was expected to influence opportunities to engage in off-farm work. Only villages where the project had conducted the training in 2012 or 2013 were selected. Focus group discussions were organized separately with men and women to allow participants to more freely express their opinions about their relationship with the opposite sex. The female group only included those women who had received the training and the male group included their husbands, brothers, and fathers. A foreign researcher conducted the interviews in English, while a Bangladeshi researcher would translate back and forth in Bengali. The interviews were recorded using a digital voice recorder while the researcher would write field notes in English. The individual interviews used the same checklist of questions as the focus group discussions, but in addition we did a daily activity clock exercise to document the activities carried out by women in 1 day. It reflected the responsibilities and workload of women according to their daily schedule.
Although the study involved human subjects, the study was observational rather than experimental and no invasive data collection methods were used. All respondents participated in the study on a voluntary basis, and were informed about the purpose of the study by an enumerator at the start of the interview, and gave their consent to participate in the study. No other form of ethical approval was sought.
Results and discussion
Household characteristics
There were no significant differences in average household characteristics between the trained and non-trained households (Table 1) . Each group had an average size of about 5 members and the ratio of dependents (aged under 15 or over 64) to working age adults (aged 15-64) was 0.75. The average women gardener was 36 years old and had attended 5 years of formal education. Their husbands were on average 7 years older and had spent a similar period in school. The amount of land allocated to women's home gardens was 17 square meters (m 2 ) while the agricultural fields of the men were about 2500 m 2 . The absence of significant differences in quantitative household characteristics between the control and intervention groups suggests the absence of selection bias. All variables combined explained less than 5 % of the variation in program placement, which does not justify the use of propensity score estimators. The likelihood that findings will be biased because of program placement bias is therefore low.
Production decisions
The quantitative data showed that women who had received the training had more freedom to decide over most gardening tasks such as crop choice, planting and harvesting times, crop management, and inputs to use (Fig. 1a) . There was a significant (p < 0.05) difference between the intervention and control groups in all five aspects. The relatively independent decision-making of women with regard to garden activities contrasts with a stronger male dominance in most other household decisions (Fig. 1b) . It includes the use of money to buy food, clothes or household items, and even the decision to meet with friends. The only household decision that women could clearly make independently was the choice of food they prepared. We found no significant difference between the control and intervention groups except for the decision to buy clothes (p < 0.05), which showed that women trained in home gardening could more independently decide about this.
Table 1 Household characteristics of intervention and control groups (average per household), 2014
Significance levels: *** p < 0.01, ** p < 0.05, NS not significant. Two-sample t test was used for all variables
Characteristic
Control (n = 171) Intervention (n = 285) Sign. Women connected the land issue with inheritance practices, which was an important concern for many women. They felt that the existing inheritance law had a strong bias toward sons and disadvantaged wives and daughters. According to the female respondents, discrimination of daughters should be reduced, with sons and daughters being treated equally.
Sample mean SD Sample mean SD
The control over land appeared to be an important concern, yet the main limiting factor for home garden production was not land, but water. One woman remarked that her household still had to buy vegetables because there was not enough water during some periods of the year. Some women had to fetch water from afar, while others used a nearby pond. However, ponds would run dry when there is no rain. Other women said it was difficult to plant vegetables in the rainy season because of very heavy rainfall. However, we did not find that access to water had a gender dimension.
Control of use of income
In-kind income from the garden was definitely more important than cash income as confirmed by both the quantitative and qualitative data. During the qualitative interviews, women expressed that their home gardens allowed them to provide their household with more and better quality food, and lessened their dependency on men to purchase food from the market. Women said they normally had to wait for whatever food their husbands would bring home; therefore, the more productive home gardens made food more readily available whenever there was a need for it. This allowed them to serve vegetables more regularly, thereby diversifying the household diet. The women mentioned that because they did not have to ask their husbands to buy vegetables, they could occasionally ask them to buy other foods such as fish or meat, further contributing to dietary diversity. Female respondents from Barisal thought that after the training, they also ate more food in general. However, respondents from Jessore did not explicitly mention this.
The questionnaire data showed that 43 % of the households sold some of their home garden produce. On average, the revenue from selling was less than USD 3.6 per year. About 25 % of the households sold less than USD 1.5 per year. Men did most of the selling. In cases where women themselves sold the produce, it was mostly to neighbors. Although the income from home gardening was small, the effect on income saved from not having to buy vegetables was more important-though not quantified through the survey. These savings were used to purchase other food items and contribute to other household expenditures. Since the purpose of home gardening is to improve household nutrition, selling was not the main goal of the project and can be considered as an added benefit.
Through the focus group discussions, it became clear that men strongly rejected the idea that women would go to the market to sell garden produce. Women said they did not want to go to the market for fear of being chastised, which shows that they were not willing to break away from the social norm of being homebound. Home gardening did not give them an incentive to challenge this norm.
Men generally agreed that women should have control over the produce from home gardens, since it was the fruit of their labor. They also generally agreed that income from selling should belong to women. The quantitative data (Fig. 2 ) also showed that trained women more frequently received the cash revenues when produce was sold than the women in the control group. Yet, women during the focus group discussions indicated that they would usually give the money to their husband or son to manage, as they would not be able to go and spend it themselves. Only a minority of the women insisted on keeping the money themselves.
Women said that they spent the extra income mostly on food and school items for their children. It also appeared that home gardening sparked the interest of some women to venture into other economic activities. Some were thinking about planting fruit trees or keeping livestock as a business; others were considering off-farm activities such as knitting and food processing. However, none of their ideas had materialized during the time of our study.
Leadership
Two years after the training, many women could still accurately recall which vegetables were rich in certain nutrients (e.g. vitamin A in spinach, iron in red amaranth) and associate certain vegetables or colors with health benefits (e.g. carrots are good for the eyes, red vegetables are good for the heart). In general, women became more aware of the importance of vitamins and nutrition for family health. Some elderly respondents in Barisal said they used to lack energy and were burdened by diseases, but felt that their health had improved after eating garden vegetables regularly.
Men also indicated to have learned new things about vegetable cultivation. Some men said they learned from their wives how to prepare better planting beds and how to deal with certain insect pests. They applied some of these in their own fields and saw the benefits. The experiences made men more supportive of women's home gardening.
Other people in the village also became interested after seeing the improved home gardens. The trained women willingly demonstrated and taught the different steps in establishing gardens to those who had not received the training. The fact that husbands, brothers, and neighbors recognized their new agricultural skills and asked the women for advice made them feel appreciated in the community. For example, woman B, a mother of five who helped other women and men to set up their own home gardens, said that she usually did not speak out in public in the past, but felt more confident after having initiated a small group of women gardeners in her community. She was proud to be interviewed as it showed people were interested to hear her thoughts. She explained that: Women in some of the villages visited each other's gardens to share experiences. It is otherwise uncommon for women in rural Bangladesh to have their own social circle and meet with friends to do activities together. Home gardening thus allowed some women to have more social interaction.
Time
Productive workload
The division of work was discussed at length in the focus groups with men and women. To start the discussion, they were asked to give their opinion on the statement "men are providers, women should stay at home". It led to strong and contrasting opinions that are illustrative of the social transformation happening in rural Bangladesh.
In the male group, most men preferred women to work at home or in the home garden, but not in the agricultural fields. Men reasoned that working in the field is hard work, which is not suitable for women who have plenty of chores to do in and around the house. However, a minority of old and young men disagreed with the statement, saying that it depends on the kind of work, and that it is only ignorant or uneducated people who think like that.
When the same topic was discussed with women, the majority disagreed that they should stay at home. Most said that men and women should work as a team to bring Fig. 2 Relative contribution of men, women and children to home garden work, 2014. C control group, I intervention group. Significance levels: ***p < 0.01, **p < 0.05 development to their children, and give equal effort to bring prosperity to the household. Some women vigorously argued that times have changed and they can do the same work as men. However, there were also some women who disagreed and said that they enjoyed the fact that men are providers of the family and that they just stay at home. They said they already struggle to complete all household chores and would not have the time to do outside work.
Such stark differences in opinions were largely absent with respect to working in the home garden. Located on or near the compound, everyone agreed that the home garden was a woman's domain. Men encouraged their women to do home gardening because they saw clear benefits, while it did not contest their traditional view of women's role in the household. This suggests that home gardens perpetuate the social role of women as caretakers of the home, rather than help strengthen their socioeconomic position.
Yet, very different from the traditional division of labor, men and women worked together in the home garden. Women said they can do all kinds of garden work themselves, but men would usually offer to help with certain strenuous tasks such as preparing planting beds, making the drains, and erecting fences. The quantitative data in Fig. 2 confirm that men did about half of the land preparation. For households that received the training in home gardens, men even made a significantly (p < 0.05) greater contribution to the land preparation than for the control households. However, women did most of the other activities such as harvesting, watering, planting, and weeding.
The fact that men and women worked together as a team on something of common interest is a radical change from the prevailing gender norms, and suggests that home gardens contributed to more gender equality in this respect. For example, woman B (a mother of five) said, The fact that men gained an opportunity to do work in the women's domain, and the fact that men and women worked together on something of joint interest show an important change in the gender division of labor.
Women's domestic workload
With many chores to do to sustain a large household, it is a concern whether the improved home garden adds to women's workload and takes away their time for childcare or resting. The quantitative data showed that on average, the trained women spent 10.6 min per day in their garden, while this was 4.4 min for the control group-the difference being significant (p < 0.01). Therefore, the training program did increase women's time allocation to the home garden, though only by an average of 6 min per day.
The survey data revealed that nearly all trained women said they had enough time for family, rest, personal care, household chores, socialization, as well as home gardening. Data collected from the activity clocks of women also confirmed this finding (Fig. 3) . According to the activity clocks, women got about 6 h of sleep a day. In the morning, women do household chores, prepare breakfast, fetch water, visit the home garden, take care of livestock, and start to prepare lunch. Afternoons are spent with final lunch preparations, eating, resting, personal care, and another visit to the home garden. At night, women check on their livestock, monitor their children's studies, eat dinner, and sleep. Women also spent time on religious activities, offering prayers throughout the day.
Monitoring children while they are studying appeared to be a common task for women, as they wanted to ensure their children received a better education than they themselves had received. Many households hired private tutors (mostly for mathematics and English) who visited the house twice or thrice a week. Some of the women used income from the garden to pay for this.
Conclusion
The results of this study confirm that women's training in home gardening and nutrition in Bangladesh largely fits into existing socially constructed roles of men and women, particularly that of women being bound to the home and being caretakers of the household. Home gardening does not contest men's authority over economic life and the activity fits to women's sphere of life. This finding confirms earlier studies on homestead vegetable production by Hallman et al. [8] and Hillenbrand [9] . Although home garden interventions do not directly confront gender inequality, our study showed clear indications that it does make a positive contribution towards women empowerment. It gave women greater control over what the household eats and also gave women control over a small source of cash income. Mostly importantly, trained women became recognized by other women and men in their community for their agricultural skills, which was a source of self-esteem and social interaction outside their usual social circle of family and neighbors. Women as well as men appreciated working together on something of joint interest that furthered their households' development. The observed improvements in women empowerment are gradual rather than radical. The fact that they are gradual probably facilitated the rapid acceptance of home garden interventions in Bangladesh and thereby provided benefits to a large number of rural Bangladeshi women.
Including women empowerment as an explicit aim of home garden projects is likely to make them more effective as women's training in nutrition and agriculture might not be enough to instigate social change. In this study we found particularly positive effects on women empowerment where women had formed a small group of fellow gardeners in their community. Based on this finding, home garden projects could initiate the formation of women gardening groups after the training. Women gardening groups would allow women to share ideas and experiences about the home garden, family health and nutrition, and other issues. Such groups would also help women gain self-confidence by engaging in social relationships outside their family and contribute to sustaining improvements made during the project.
